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Claims 

[d] What is claimed is: 

l.A regulated charge pump comprising: 
a negative charge pump for generating a first output 
voltage by determining an oscillation signal; and 
a regulator for restricting a swing of the first output 
voltage, the regulator comprising: 
a level shift circuit connected to the negative charge 
pump for generating a second output voltage at an out- 
put end of the level shift circuit by determining the first 
output voltage generated by the negative charge pump, 
the level shift circuit comprising: 

a plurality of serially connected PMOS transistors, a first 
source of a first PMOS transistor of the PMOS transistors 
connected to a first reference voltage source, a first gate 
and a first drain of the first PMOS transistor connected to 
the output end of the level shift circuit, and a second 
gate and a second drain of a second PMOS transistor of 
the PMOS transistors connected to the output end of the 
negative charge pump; 

a differential amplifier, whose first and second input 
ends are connected to a second reference voltage source 
and the output end of the level shift circuit respectively, 



for generating a compare signal by determining a volt- 
age difference between the second output voltage and a 
voltage generated by the second voltage source; and 
a voltage-controlled oscillator connected between an 
output end of the differential amplifier and an input end 
of the negative charge pump. 

[c2] 2.The regulated charge pump of claim 1, wherein the 
second voltage source is ground. 

[c3] 3.The regulated charge pump of claim 1 further com- 
prising: 

a protection circuit, whose input end and output end are 
connected to the output end of the negative charge 
pump and wells of the PMOS transistors respectively, for 
generating a first protection voltage at the output end of 
the protection circuit by determining the first output 
voltage. 

[c4] 4.The regulated charge pump of claim 3, wherein the 
protection circuit comprises: 

a switch, whose first and second ends are connected to 
the output end of the protection circuit and the first pro- 
tection voltage respectively; and 

a voltage detection circuit connected to the switch and to 
the output end of the negative charge pump for control- 
ling the switch by determining the first output voltage. 



[c5] 5.The regulated charge pump of claim 4, wherein when 
the voltage detection circuit detects that the first output 
voltage is lower than a threshold voltage, the switch is 
closed and transmits the first protection voltage to the 
wells of the PMOS transistors. 

[c6] 6.The regulated charge pump of claim 1 further com- 
prising: 

a protection circuit, whose input end, first, and second 
output ends are connected to the output end of the neg- 
ative charge pump, a first well of the first PMOS transis- 
tor, and wells of remaining PMOS transistors respec- 
tively, for generating first and second protection volt- 
ages at first and second output ends of the protection 
circuit respectively by determining the first output volt- 
age. 

[c7] 7.The regulated charge pump of claim 6, wherein the 

first protection voltage is higher than the second protec- 
tion voltage. 

[c8] 8.The regulated charge pump of claim 6, wherein the 
protection circuit comprises: 

a switch, whose first, second, third, and fourth ends are 
connected to a first output end of the protection circuit, 
the first protection voltage, a second output end of the 



protection circuit, and the second protection voltage re- 
spectively; and 

a voltage detection circuit connected to the switch and to 
the output end of the negative charge pump for control- 
ling the switch by determining the first output voltage. 

[c9] 9.The regulated charge pump of claim 8, wherein when 
the voltage detection circuit detects that the first output 
voltage is lower than a threshold voltage, the switch is 
closed and transmits the first and second protection 
voltages to the first well of the first PMOS transistor and 
the wells of the remaining PMOS transistors respectively. 

[do] 10.A regulated charge pumping comprising: 

a negative charge pump for generating a first output 
voltage by determining an oscillation signal; and 
a regulator for restricting a swing of the first output 
voltage, the regulator comprising: 
a level shift circuit connected to the negative charge 
pump for generating a second output voltage at an out- 
put end of the level shift circuit by determining the first 
output voltage generated by the negative charge pump, 
the level shift circuit comprising: 

a plurality of serially connected NMOS transistors, a first 
source of a first NMOS transistor of the NMOS transistors 
connected to a first reference voltage source, a first gate 
and a first drain of the first NMOS transistor connected 



to the output end of the level shift circuit, and a second 
gate and a second drain of a second NMOS transistor of 
the NMOS transistors connected to the output end of the 
negative charge pump; 

a differential amplifier, whose first and second input 
ends are connected to a second reference voltage source 
and the output end of the level shift circuit respectively, 
for generating a compare signal by determining a volt- 
age difference between the second output voltage and a 
voltage generated by the second voltage source; and 
a voltage-controlled oscillator connected between an 
output end of the differential amplifier and an input end 
of the negative charge pump. 

[c11] ll.The regulated charge pump of claim 10, wherein the 
second voltage source is ground. 

[d2] l2.The regulated charge pump of claim 10 further com- 
prising: 

a protection circuit, whose input end and output end are 
connected to the output end of the negative charge 
pump and wells of the NMOS transistors respectively, for 
generating a first protection voltage at the output end of 
the protection circuit by determining the first output 
voltage. 

[d3] l3.The regulated charge pump of claim 12, wherein the 



protection circuit comprises: 

a switch, whose first and second ends are connected to 
the output end of the protection circuit and the first pro- 
tection voltage respectively; and 

a voltage detection circuit connected to the switch and to 
the output end of the negative charge pump for control- 
ling the switch by determining the first output voltage. 

[c14] l4.The regulated charge pump of claim 13, wherein 
when the voltage detection circuit detects that the first 
output voltage is higher than a threshold voltage, the 
switch is closed and transmits the first protection volt- 
age to the wells of the NMOS transistors. 

[d5] l5.The regulated charge pump of claim 10 further com- 
prising: 

a protection circuit, whose input end, first, and second 
output ends are connected to the output end of the neg- 
ative charge pump, a first well of the first NMOS, and 
wells of remaining NMOS transistors respectively, for 
generating first and second protection voltages at first 
and second output ends of the protection circuit respec- 
tively by determining the first output voltage. 

[d6] l6.The regulated charge pump of claim 15, wherein the 
first protection voltage is lower than the second protec- 
tion voltage. 



[d7] l7.The regulated charge pump of claim 15, wherein the 
protection circuit comprises: 

a switch, whose first, second, third, and fourth ends are 
connected to a first output end of the protection circuit, 
the first protection voltage, a second output end of the 
protection circuit, and the second protection voltage re- 
spectively; and 

a voltage detection circuit connected to the switch and to 
the output end of the negative charge pump for control- 
ling the switch by determining the first output voltage. 

[d8] l8.The regulated charge pump of claim 17, wherein 
when the voltage detection circuit detects that the first 
output voltage is higher than a threshold voltage, the 
switch is closed and transmits the first and second pro- 
tection voltages to the first well of the first NMOS tran- 
sistor and the wells of the remaining NMOS transistors 
respectively. 



